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Abstract—In this paper the problem of optimal subcarrier
and power allocation for sum rate maximization in the uplink
of an OFDMA system is considered, under the assumption
that each user allocates equal transmit power to an assigned
subset of subcarriers. Such On-Off power allocation requires very
limited feedback from the base station to the users. Furthermore
the intertwined power/subcarrier allocation problem simpliﬁes
considerably. Solving a relaxed Lagrange optimization problem
we derive necessary optimality conditions for both the single- and
multiuser channel. These suggest practical allocation rules lead-
ing to a low complexity O (KN logN) logarithm free algorithmic
solution. Simulation results indicate that the proposed algorithm
outperforms already suggested equal power algorithms providing
sum rates with negligible distance from the capacity achieving
multiuser waterﬁlling solution.
I. INTRODUCTION
In the uplink of an OFDMA system, where the total
bandwidth is divided into N subbands, K users with different
channel quality - deﬁned by the channel-to-noise-ratio (gi,j =
CNRi,j) per subcarrier - and individual power constraints Pi,
transmit information to a common base station. Assuming
perfect channel knowledge, maximization of the sum rate
is achieved through an optimal partition of the frequency
spectrum over the users combined with optimal user power
allocation. Multiuser waterﬁlling is capacity achieving but
algorithms giving an exact solution have prohibitive computa-
tionally complexity O
 
NK(K+1) 
. A heuristic algorithm with
complexity O
 
K2N logN
 
was suggested in [1], providing
almost optimal results for small number of users. The prob-
lem was further described in [2] as an integer programming
problem. Using Lagrange relaxation it was converted into a
convex optimization problem and numerical solutions for the
two-user case and certain channel scenarios were proposed.
In [3], necessary conditions for the optimal joint power and
subcarrier multiuser allocation have been derived.
However, the performance gain from adaptive power alloca-
tion in the uplink may not justify the high cost of retransmiting
the power level information per subcarrier from the base
station to the users. Theoretically the waterﬁlling capacity
can be achieved only with the use of unlimited feedback
over the set of power levels per user per subcarrier pi,j. We
suggest that the problem can be solved if each user loads an
optimally selected subset of subchannels with equal power.
The equal power single user case has already been studied
in [4], a low complexity subcarrier decision algorithm was
This work was supported by Samsung Electronics
suggested and the performance distance from waterﬁlling was
upper bounded. For Rayleigh fading channels the loss was
shown to be at most 0.266 b/sec/Hz. Furthermore in [5] the
achievable rate for the single user on-off power distribution
C
on−off
N was shown to be assymptotically equivallent with
the waterﬁlling capacity limN→∞
C
on−off
N
C
wf
N
= 1. Finally in [6]
adaptive subcarrier selection and power allocation approaches
were suggested to exploit one bit per subcarrier channel state
information feedback, aiming to minimize the bit error rate.
In the following, using a novel formulation and Lagrange
relaxation both the single- and multiuser sum rate maxi-
mization problems under on-off power distribution reduce
in optimally distributing the available subcarriers among the
users that share the channel. Necessary optimality conditions
suggest optimal allocation rules leading to a low complexity
O(KN logN) algorithmic solution. Implementations give al-
most capacity achieving results with low computational cost
and indicate that the algorithm outperforms already suggested
multiuser equal power algorithms in the literature [3].
II. PROBLEM FORMULATION - NECESSARY CONDITIONS
A. Single User Channel
Starting from the single user case with total power constraint
P, the strategy is to provide equal power to the allocated
subcarriers, else null, depending on their individual CNRj,
using the following integer assignment variable
ωj =
 
1 if j assigned
0 if j not assigned (1)
The number and set of allocated subcarriers are denoted with
m and J respectively,where J ⊆ J N, J N the index set of all
N available subchannels. If ωj = 1, then j ∈ J and the allo-
cated power to j equals pj = P
m. Based on the above, m can be
written equal to the sum of all assignment variables ωj, namely
m :=
 N
j=1 ωj. We aim to ﬁnd the allocation that maximizes
the single user rate. It turns out that this is a combinatorial
optimization problem and to make it tractable, we continuously
relax the integer variable ωj ∈ [0,1], as suggested in [7] and
[3]. Notice that the objective function depends now only on ¯ ω.
It holds that limx→0 xlog2(1 + 1/x) = 0, hence no singularity
appears in the case that m = 0. The single user maximization
problem is written as followsmaximize
 N
j=1 ωj log2
 
1 + P
PN
j=1 ωjgj
 
subject to ωj ≥ 0, j = 1,...,N
ωj − 1 ≤ 0, j = 1,...,N
 N
j=1 ωj − N ≤ 0
(2)
The objective function is not concave. Since it is differentiable
and the constraint functions afﬁne we can make use of
the Karush-Kuhn-Tucker (KKT) conditions to ﬁnd necessary
optimality conditions [8]. The Lagrangian is written as
L(¯ ω; ¯ κ, ¯ λ,ν) =
N  
j=1
ωj log2
 
1 +
P
 N
j=1 ωj
gj
 
+
N  
j=1
κjωj −
N  
j=1
λj (ωj − 1) − ν


N  
j=1
ωj − N

 (3)
where ¯ κ, ¯ λ,ν are the 2N+1 non-negativeLagrange multipliers
associated with the 2N+1 inequality constraints. Let us denote
the optimal subcarrier allocation and number of subcarriers as
¯ ω∗,m∗ = m(¯ ω∗).
Proposition 1 (Necessary Optimality Conditions) If a sub-
carrier ´ j with CNR´ j = ´ gj is allocated to the user for rate
maximization, ´ j ∈ J, it satisﬁes the following condition
S´ j (¯ g, ¯ ω∗)
∆ = log2
 
1 +
P
m∗g´ j
 
−
N  
j=1
ω∗
j
ln2
P
m∗2gj
1 + P
m∗gj
≥ 0
(4)
Proof: The complementary slackness KKT conditions
for the single user problem are:
1) κjωj = 0, hence κj > 0 if ωj = 0 indicating no
assignment of subcarrier j else κj = 0,
2) λj (ωj − 1) = 0, λj > 0 if ωj = 1 indicating explicit
assignment of subcarrier j else λj = 0, and
3) ν
  N
j=1 ωj − N
 
= 0, ν > 0 if all subcarriers are
explicitly allocated else ν = 0.
For the optimal allocation ¯ ω∗ the gradient should necessarily
vanish ∇L( ¯ ω∗; ¯ κ∗, ¯ λ∗,ν∗) = 0 and we get ∀´ j = 1,...,N
∂L( ¯ ω∗)
∂ω∗
´ j
= log2
 
1 +
P
m∗g´ j
 
−
N  
j=1
ω∗
j
ln2
P
m∗2gj
1 + P
m∗gj
+
+ κ∗
j − λ∗
j − ν∗ = 0
Following the notation used in Proposition 1
S´ j (¯ g, ¯ ω
∗) = −κ
∗
j + λ
∗
j + ν
∗ =



< 0, if ωj = 0 κj > 0, λj = 0, ν = 0
= 0, if ωj ∈ (0,1) κj = 0, λj = 0, ν = 0
> 0, if ωj = 1 κj = 0, λj > 0, ν ≥ 0
This concludes the proof. Note that ωj
∂L(¯ ω
∗)
∂ω∗
´ j
= 0, ωj ∈ [0,1).
Intuitively, the logarithmic part refers to the rate gain due
to the explicit allocation of subcarrier ´ gj with ω´ j = 1, while
the N sum part describes the impact of this allocation on
subcarriers j  = ´ j since the power is split into more subcarriers.
In other words ´ j is explicitly allocated to the user if the rate
gain due to ´ j overcomes the loss due to power reallocation:
(J + = J ∪
 
´ j
 
)
log2
 
1 +
P
m + 1
g´ j
 
>
 
j∈J
log2
 
1 +
P
m
gj
 
− (5)
−
 
j∈J +\{´ j}
log2
 
1 +
P
m + 1
gj
 
But the RHS is the negative sum of the forward difference
(discrete analog of the derivative) over m of the discrete
function log2
 
1 + P
mgj
 
and represents the sum part in (4).
Lemma 1 If the number of allocated subcarriers m∗(m∗  =
0) is kept ﬁxed, the necessary condition S´ j is monotone
increasing with ´ gj. Then subcarriers with high gj will be more
likely to satisfy the optimality conditions.
Proof: Keeping m∗ ﬁxed the ﬁrst derivative of (4) w.r.t.
CNR g´ j for the ´ j subchannel yields
∂S´ j(¯ g, ¯ ω)
∂ ´ gj
=
P/m∗
1 + ´ gjP/m∗ − ω´ j
P/m∗2
(1 + ´ gjP/m∗)
2
≥
P/m∗
1 + ´ gjP/m∗
 
1 −
1
m∗ + P ´ gj
 
≥
P/m∗
1 + ´ gjP/m∗
 
1 −
1
1 + P ´ gj
 
≥ 0
The equality with 0 holds only for m∗ = 1 and ´ gj = 0 in
which case no rate can be supported from the channel.
Lemma 2 (Single User Allocation Rule) If the CNRs are
decreasingly ordered (gs
j), there exists a minimum ˆ gs
j s.t.
Sj ( ¯ gs, ¯ ω∗) < 0, for gs
j < ˆ gs
j. Then J =
 
j : j ≤ ˆ j
 
, ˆ j = m∗.
Proof: From the observation of Sj (¯ g, ¯ ω∗) in (4) the sum
part depends only on the optimal allocation ¯ ω∗ and is equal
for all j ∈ J N. Varying the channel index will affect only
the positive part of Sj which is a logarithmic function of the
channel quality and monotone increasing w.r.t. this variable. If
the channels are ordered decreasingly there should be an index
ˆ j such that Sj ( ¯ gs, ¯ ω∗) < 0 for j > ˆ j. Since all subchannels
with j ≤ ˆ j are allocated, their optimal number is m∗ = ˆ j.
This means that the value Sˆ j ( ¯ gs, ¯ ω∗) refers to the smallest
positive value Sˆ j = minj [Sj]
+. The value ˆ gs
j plays the role
of the threshold value. Notice here that in the case of an
inﬁnite multitone channel [9], where H(f) is a non-increasing
channel transfer function w.r.t. the frequency variable f and
σ2
n is the noise power spectral density, there will be a
frequency ˆ f with channel quality H( ˆ f) and an optimal
bandwidth allocation ω∗(f) = u(f −fmin)−u(f − ˆ f), u(f)is the step function, s.t. S ˆ f(H,ω∗) = 0. In this case the
threshold value satisﬁes the equality
log2
 
1 + P
ˆ f−fmin
H( ˆ f)
2
σ2
n
 
=
 
f
ω
∗(f)
ln2
P
( ˆ f−fmin)2
H(f)2
σ2
n
1+ P
ˆ f−fmin
H(f)2
σ2
n
H(f)
2
σ2
n df
Lemmata 1 and 2 prove that the equal power allocation
follows the waterﬁlling solution and support the algorithm in
[4] which is based on CNR ordering.
B. Multiple User Channel
For the multiuser scheduling problem each user sharing
the channel bandwidth is assumed with an individual power
constraint per OFDM symbol equal to Pi, i = 1,...,K. The
aim now is to optimally distribute the subchannels to users - or
possibly leave some unused - and achieve a maximization of
their sum rate, under per user equal power assumptions. Each
user i experiences a different channel gain on each subcarrier j
equal to gi,j and for each such pair {i,j} an integer assignment
variable is - as previously - introduced. The per user number
and set of allocated subcarriers, as well as allocated power
per selected subcarrier is denoted by mi, Ji and pi = Pi
mi
respectively, ∀i = 1,...,K.
As in the single user case mi =
 N
j=1 ωi,j,∀i = 1,...,K
and once again the variables ωi,j are allowed to be real
numbers within the interval [0,1] for tractability. A supple-
mentary constraint is now that
 K
i=1 ωi,j ≤ 1 meaning that
due to relaxation each subcarrier ´ j may be shared among users
but the sum of the assignment variables ωi,´ j cannot exceed
unity. This constraint encloses the previous constraint that   
i,jωi,j ≤ N. The multiuser maximization problem under
equal power assumptions on the per user assigned subcarriers
is described as follows
maximize
 K
i=1
 N
j=1 ωi,j log2
 
1 + Pi
PN
j=1 ωi,jgi,j
 
subject to ωi,j ≥ 0, i = 1,...,K,j = 1,...,N
ωi,j − 1 ≤ 0, i = 1,...,K,j = 1,...,N  K
i=1 ωi,j − 1 ≤ 0, j = 1,...,N
(6)
We use the KKT conditions to derive necessary optimality
conditions since the objective function is once again non
concave, differentiable and the constraints afﬁne. We associate
a total of N(2K + 1) non-negative Lagrange multipliers
(K,Λ, ¯ µ) with the constraints and formulate the corresponding
Lagrangian of the equal per user power sum rate maximization
problem
L(Ω;K,Λ, ¯ µ) =
K  
i=1
N  
j=1
ωi,j log2
 
1 +
Pi
 N
j=1 ωi,j
gi,j
 
+
K  
i=1
N  
j=1
κi,jωi,j −
K  
i=1
N  
j=1
λi,j (ωi,j − 1)
−
N  
j=1
µj
 
K  
i=1
ωi,j − 1
 
(7)
The derivative of (5) with respect to each ω´ i,´ j is equal to zero
at the optimal Ω∗ - consequently m∗
i(¯ ω∗
i ) =
 N
j=1 ω∗
i,j, hence
p∗
i =
Pi
m∗
i , ∀i ∈ {1..K} - and yields
S´ i,´ j (¯ g´ i, ¯ ω´ i
∗) = log2
 
1 +
P´ i
m∗
´ i
g´ i,´ j
 
−
N  
j=1
ω∗
´ i,j
ln2
P´ i
m∗2
´ i
g´ i,j
1 +
P´ i
m∗
´ i
g´ i,j
= −κ´ i,´ j + λ´ i,´ j + µ´ j (8)
Proposition 2 (Multiuser Optimality Conditions) If a sub-
carrier ´ j is explicitly allocated to user ´ i for sum rate maxi-
mization, ´ j ∈ J´ i with ω´ i,´ j = 1, it should satisfy:
S´ i,´ j > 0 & S´ i,´ j > Si,´ j, ∀i  =´ i (9)
If the subcarrier is allocated to a subset Isub of the user set
I with
 
x∈Isub ωx,´ j ≤ 1:
SA,´ j,SB,´ j ≥ 0 & SA,´ j = SB,´ j, ∀A,B ∈ Isub (10)
If the subcarrier is not allocated to any user:
Si,´ j < 0,∀i (11)
Proof: The complementary slackness conditions for the
multiuser problem are:
1) κi,jωi,j = 0, κi,j > 0 if ωi,j = 0, else κi,j = 0.
2) λi,j (ωi,j − 1) = 0, λi,j > 0 if ωi,j = 1, else λi,j = 0.
3) µj
  K
i=1 ωi,j − 1
 
= 0, µj > 0 if
 K
i=1 ωi,j = 1, else
µj = 0.
The parts of the Proposition are proved as follows
• Using (8) and the above conditions and if ´ i is the user
who explicitly allocates ´ j and i all other users
S´ i,´ j = −κ´ i,´ j + λ´ i,´ j + µ´ j = λ´ i,´ j + µ´ j > 0
Si,´ j = −κi,´ j + λi,´ j + µ´ j = −κi,´ j + µ´ j ≥≤ 0
S´ i,´ j − Si,´ j = λ´ i,´ j + κi,´ j > 0
• If x represents users that share the allocation of subcarrier
´ j and two such users are x = A and x = B, such that
x,A,B ∈ Isub then
Sx,´ j = −κx,´ j + λx,´ j + µ´ j = µ´ j ≥ 0
SA,´ j − SB,´ j = µ´ j − µ´ j = 0
• In the case that no user i ∈ 1,...,K is interested for the
subcarrier ´ j
Si,´ j = −κi,´ j + λi,´ j + µ´ j = −κi,´ j < 0
From Proposition 2 we derive the following optimal and
suboptimal allocation rulesLemma 3 (Optimal Multiuser Allocation Rule) In an opti-
mal subcarrier allocation using equal power, subcarrier ´ j is
allocated to user ´ i such that
´ i = argmax
i
 
Si,´ j
 +
(12)
The above can be directly derived by combining the condi-
tions from Proposition 2 and reduce to the following decision
criterion.
Lemma 4 (Suboptimal Multiuser Allocation Rule)
Allocating subcarrier ´ j to user ´ i such that
´ i = argmax
i
gi,´ j
m∗
i
or
g´ i,´ j
m∗
´ i
>
gi,´ j
m∗
i
,∀i  =´ i ∈ I (13)
where m∗
i is the optimal number of allocated subcarriers
∀i ∈ I, is a suboptimal allocation rule.
Proof: We normalize the CNRs such that gi,j := Pi  
gi,j ∀i ∈ I. Furthermore we denote the sum part of (8)
by a constant ci for each user i. All ci depend only on
the optimal allocation Ω∗. Then assuming two users ´ i and
i with S´ i,´ j,Si,´ j ≥ 0, from Lemma 3 ´ j should be allocated to
the user with max
 
S•,´ j
 
, that is, to user ´ i if S´ i,´ j − Si,´ j =
log2
 
1 +
g´ i,´ j
m∗
´ i
 
− log2
 
1 +
gi,´ j
m∗
i
 
− c´ i + ci > 0. This leads
to the condition log2
 
1 +
g´ i,´ j
m∗
´ i
 
− log2
 
1 +
gi,´ j
m∗
i
 
> c´ i − ci.
If c´ i > ci the above criterion in Lemma 4 is optimal,
since log(1 + x) is an increasing function of x. If c´ i < ci
the logarithmic difference is greater than a negative number.
Hence we can not be sure whether assigning ´ j to the user
with the highest ratio
g•,´ j
m∗
• is indeed the optimal solution. In
the case where S´ i,´ j = Si,´ j, assigning ´ j to the user with the
highest ratio implies a preference towards loading the highest
possible rate on ´ j at the cost of a higher loss over the rate of
other allocated subcarriers. With such decision, the subcarrier
will not be time-shared between users (time-sharing suggested
in [7], [2]).
Suppose now that the optimal number of subcarriers a user
´ i allocates in a single user scenario is mS,´ i-out-of-N. From
Lemma 2 these subcarriers have values g´ i,j ≥ g´ i,ˆ j. If the
user shares the channel it is possible that k-out-of-mS,´ i are
optimally allocated to other users instead. Can the user replace
them with other k (or perhaps more) having gj < gˆ j in order
to maximize its rate? In most of the situations we expect the
following upper bound on the optimal number of subcarriers
a user can allocate in a multiuser scenario.
Remark 1 The maximum optimal number of subcarriers that
user ´ i allocates for equal power assignment, in a multiuser
scenario, is not expected to exceed the number this user would
allocate if the whole set J N of subcarriers would be available.
Then, if the solution of the Single User Channel is m∗
S,´ i, it
should hold m∗
i ≤ m∗
S,´ i.
III. ALGORITHM
The basic difﬁculty in building an optimal multiuser subcar-
rier allocation algorithm is that the allocation rule in Lemma
3 is not easy to handle and at the same time such a condition
is only necessary but not sufﬁcient. Hence we have to turn
to suboptimal allocations like the one derived in Lemma 4.
However the optimal number of subcarriers, appearing there
is not a priori known. In a frequency-by-frequencyassignment
algorithm, it should be ensured that a decision over the
assignment of a certain subcarrier j according to (13) will
not change in a future step due to the stepwise re-estimation
of the values mi. To ensure this, three design rules (DR-•) are
suggested:
1) The optimal values of m∗
i are upper bounded using
Remark 1 with computational cost O (KNlog(N)).
Each user forms a set Ji with preferable subcarriers
gi,j ≥ gs
i,m
[0]
i
and is assigned an initially empty set
Ai = ⊘ of assigned subcarriers.
2) The estimation over mi is repeated in every step [n] of
the algorithm. The re-estimation criterion is a variation
of that introduced for the single user case in [4]. Its aim
is to minimize a duality gap between the equal power
and the optimal waterﬁlling solution. The criterion after
allocation of a subcarrier j∗ to some user i∗ choses
for each user i  = i∗ that lost the prefered j∗ whether
to allocate a new subcarrier j+ that belongs to the
complementary set of the user’s preferable subcarriers
J c
i or to reallocate its power to a reduced by one number
of subcarriers mi − 1.
• if 1
gi,j+ ≤ Pi
mi + 1
maxj∈Ji gi,j
then Ji = Ji \ {j∗} ∪ {j+} and mi = mi
else Ji = Ji \ {j∗} and mi = mi − 1
where j+ = argmaxjc {gi,jc}
3) The subcarriers are considered in a decreasing order for
each user, which can be achieved if the subcarrier under
consideration in each step is j∗ = argmaxj {gi∗,j},
where i∗ = argmaxi
 
maxj
 
gi,j
mi
 
,∀i
 
. Then, if j∗
is assigned to i∗, a later decrease in mi, for i  = i∗,
will have the less possible impact on the direction of
the inequalities (13).
The proposed algorithm - refered to as EP-DR (Equal Power
with Design Rules) has complexity O(KN logN) due to
sorting for the K users in initialization and is logarithm free.
We expect extremely low computational time and results very
close to the optimal capacity achieving multiuser waterﬁlling
[10], [1].
IV. EXAMPLES AND SIMULATION RESULTS
Let us explain how the above algorithm works with the use
of simple examples. Suppose the following 2 scenarios where
K = 2 users with individual power constraints PA = PB = 1
compete for N = 3 subchannels. The CNRi,j values are
given in the following tables ﬁg. 1(a) and (b). How should
the subcarriers be optimally distributed?EP-DR ALGORITHM
INITIALIZE
• Sort gi,j for each user i (K sorts) → gs
i,j
• Upper bound m
[0]
i (DR-1). Use single user algo in [4]
• K sets Ji with preferable subcarriers gi,j ≥ gs
i,m
[0]
i
,∀i
• ∀i ﬁnd j+ = argmaxjc {gi,jc}
• n = 1, Ai = ⊘,∀i
REPEAT
1) Find ˆ gi,ˆ ji = maxj {gi,j}, ˆ ji = argmaxj {gi,j}, ∀i
2) i∗ = argmaxi
 Pi·gi,ˆ ji
mi
 
and j∗ = ˆ ji∗ (DR-3)
3) Ai∗ = Ai∗ ∪{j∗}, mi∗ = mi∗ and Ji = Ji\j∗,∀i  = i∗
4) ∀i  = i∗ re-estimate Ji and mi with the criterion (DR-2)
5) re-calculate j+
UNTIL n = N or cardAi = m
[n]
i ,∀i
i/j 1 2 3
A 0.9 0.8 0.7
B 0.7 0.6 0.2
(a)
i/j 1 2 3
A 0.2 0.9 0.8
B 0.3 0.5 0.7
(b)
Fig. 1. Channel Quality for K = 2 users and N = 3 for 2 scenarios
In the ﬁrst scenario, if we decide to give each subchannel
to the user with the max CNR then user B gets no resource
and the sum rate equals R(a) = 1.0221 b/sec. If we use the
suggestion in [3] the following steps should be taken. Start
with mA = 1 and mB = 1 and ﬁnd the user with the max
CNRi,1
mi . If e.g. this is user A then mA = mA+1 and continue
to the next subcarrier until N comparisons are made. This
procedure allocates subcarriers {1,3} to user A and {2} to
user B and R(b) = 1.6471 b/sec. Using the EP-DR algorithm
an estimation is ﬁrst made where m
[0]
A = 3 and m
[0]
B = 2
and the values are re-estimated in every future step. The ﬁrst
decision is that subcarrier 1 is allocated to user B instead of
A. The algorithm results in {2,3} to user A and {1} to B
with R(c) = 1.6839 b/sec. Calculation of the achievable rates
for all possible 33 combinations (taking in mind the case of
subcarriers that may not be prefered by any user) shows that
the EP-DR algorithm provides the maximum possible rate.
In the second scenario maximum CNR choice and [3] both
allocate {2,3} to user A and {1} to user B and R(a,b) = 1.4
b/sec. The proposed EP-DR allocates {2} to user A and {3}
to user B, leaving subcarrier 1 unused. Then R(c) = 1.6915
b/sec is the maximum achievable rate.
The following plot (ﬁg. 2) compares Sum-Rates vs Number
of Users between : i) the EP-DR, ii) the equal power algorithm
in [3], and iii) the Mu-WF algorithm in [1] to estimate
multiuser waterﬁlling (accurately for a small number of users,
with problems as this number increases - see also plot). The
channel used is a single time-slot produced by a Multiser SISO
OFDM channel simulation model (LTE-like parameters) with
1024 subcarriers. We use Pi = 1,∀i ∈ I. Notwithstanding the
use of equal power, the Sum-Rate curve from EP-DR follows
closely the estimated waterﬁlling solution (as long as such
results remain accurate) and outperforms the suggestion in [3].
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Multiuser Sum Rate Comparison of Three Algorithms
 
 
Multiuser Equal Power with Design Rules[EP−DR Suggested]
Multiuser Waterfilling [Zeng, Hoo, Cioffi ] (max number of iteration = K
2, target ratio = 0.99)
Multiuser Equal Power Allocation [Kim Han Kim ] [Low complexity with Greedy Subcarrier Allocation]
99% accuracy of the waterfilling solution is achieved
using the Mu−WF algorithm for a small number of users.
In our case for K>7 the optimal bound using the
waterfilling algorithm is underestimated and the
proposed EP−DR can outperform both.
Fig. 2. Comparison of the EP-DR algorithm with multiuser waterﬁlling and
algorithm proposed in [3]. Sum Rate vs Number of Users
V. CONCLUSIONS
We have investigated the single- and multiuser sum rate
maximization problem in the uplink of an OFDMA system
under on-off power distribution per user. We derived necessary
optimality conditions which suggest a strategy for optimally
dividing the available spectrum among users. Simulation
results indicate that equal power allocation using the EP-
DR algorithm combines low computational complexity with
negligible distance from optimality in the best possible way.
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